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Abstract— This paper presents modeling, analysis and 
research of chaotic Rucklidge system based on programming 
interface that has been developed in LabView software 
environment. This study allows for generating and researching 
the main properties of chaotic Rucklidge system, focusing on 
time distribution of three chaotic coordinates and phase 
portraits. A range of the system parameter with which we can 
generate different period (controlled) attractors and a number 
of trajectories of chaotic Rucklidge system are also presented. 
The programming interface demonstrates the algorithm of 
masking and decrypt information carrier. 
 




Chaos theory has been applied in variety of areas, such as 
electronics schemes, secure communication systems, 
magnetism, plasmas, economy, and many others. [1-22]. 
Small deviation of parameters on the receiver makes it 
impossible to decrypt the received message. However, one 
of the significant problems of using deterministic chaos in 
communication systems is the selection of the same circuit 
parameters that generate chaotic signal. To address this 
issue, software has been created and one of them is the most 
modern system LabView (LabView’2015 (32-bit version for 
Windows)). 
Information carrier can be masked for a certain chaotic 
laws using chaotic systems. A mechanism for signal 
generation with potential applications to communications 
and signal processing are provided of chaotic systems. 
Researchers have proposed different approaches or 
techniques, such as linear feedback control, OGY, inverse 
optimal control etc. Stabilizing of the unstable periodic 
orbits via parameter perturbation is a theoretical basis of 
most known methods for control chaos [23-25] to control 
chaos.  
The paper is organized as follows. Section II presents 
differential equations that realize chaotic behavior, 
Lyapunov exponents, Kaplan-Yorke dimension and 
modelling results using LabView. In Section III, a range of 
system parameter with which we can generate different 
period (controlled) attractors and number of trajectories of 
chaotic Rucklidge system are presented. In Section IV, we 
present program interface that demonstrates masking and 
decrypt information carrier. Conclusions are provided in 




II. MODELLING OF CHAOTIC RUCKLIDGE SYSTEM 
 
Chaotic Rucklidge system can be used for security of the 
information carrier, and it can be described by three 
nonlinear differential equations: 
𝑑𝑥
𝑑𝑡
= −𝑎𝑥 + 𝑏𝑦 − 𝑦𝑧 




                                   
𝑑𝑧
𝑑𝑡
= −𝑧 + 𝑦2 
(1) 
 
where: x, y, z = Dynamic variables 
        a, b = System parameters. 
Chaotic oscillations are the if system parameters a = 2, b 
= 6.7, and dynamic variables x = 1.2, y = 0.8, z = 1.4 [26, 
27]. 
Lyapunov exponent characterizes the rate of separation of 
infinitesimally close trajectories of a dynamical system. The 
rate of separation can be different for different orientations 
of initial separation vector. The Lyapunov exponents are 
determined as the logarithmic growth rates of the 
perturbations. When one of the Lyapunov exponents is 
positive, the system is chaotic. 
The Lyapunov exponents for Rucklidge system: 
L1 = 0.1877, L2 = 0, L3 = -3.1893. 
Figure 1 shows the Lyapunov exponents graphically. 
 
Figure 1: Graphical presentation of Lyapunov exponents 
 
When there are positive, zero and negative Lyapunov 
exponents (+; 0; -), we can claim that Rucklidge system is 
chaotic. 
For the system (1), the Kaplan–Yorke dimension equals 
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DKY  (2) 
 
For modeling and research of chaotic, Rucklidge system 
was used as one of the modern software environments 
LabView. 
LabView can be used as a graphical programming 
platform. It helps engineers to implement all stages of 
development of small and large projects for example, from 
the creation of prototype to the final testing. In this 
development environment, the best integration of hardware 
and software components with the latest computer 
technologies is combined. LabView contains many tools for 
solving current and upcoming challenges with enormous 
potential for innovation, future success and effectiveness. 
LabView includes powerful multi-function tools that allow 
conducting the development of any applications and any 
types of measurements. With these tools, scientists and 
engineers can work in the widest range of applications and 
spend much less time for development. 
Figure 2 shows a block-scheme that implements chaotic 
Rucklidge system. Three nonlinear differential equations (1) 
were recorded to the functional main part of the block-
scheme that is called the formula node. 
 
 
Figure 2: A block-scheme that implements chaotic Rucklidge system 
 
The values of system parameters (a, b) and dynamic 
variables (x, y, z) were brought to the formula node. The 
solution of equations in three dimensions is an opportunity 
to demonstrate from the block-scheme output. The change 
of initial conditions and system parameters allows 
researcher to analyze and research the behavior of the 
oscillations. This block-scheme can serve as a one of the 
functional blocks of secure communication systems based 
chaos. 
 
III. CONTROL OF CHAOTIC RUCKLIDGE SYSTEM 
 
To control the chaotic Rucklidge system, we exchanged 
one of the system parameters. If we exchange system 
parameter (1 ≤ a ≤ 3), we will get different oscillations as 
chaotic and controlled. 
Table 1 shows the values of parameter a, with which we 
can control the chaotic attractors of the Rucklidge system. 
Figure 3 shows an example of the control of the Rucklidge 
system for system parameters a = 2.5, b = 6.7, dynamic 
variables x = 1.2, y = 0.8, z = 1.4, number of iterations             
N = 5000. 
The result of the modelling is a 3-period controlled 
attractor in 2D graphs, presenting the time distributions of 




The values of coefficient for control of chaotic oscillations 
 




a = 1.0 1 
a = 1.1 4 
a = 1.2 5 
a = 1.3 9 
a = 1.4 9 
a = 1.5 8 
a = 1.6 6 
a = 1.7 5 
a = 1.8 4 
a = 1.9 3 
a = 2.0 4 
a = 2.1 5 
a = 2.2 7 
a = 2.3 5 
a = 2.4 6 
a = 2.5 3 
a = 2.6 6 
a = 2.7 4 
a = 2.8 5 
a = 2.9 1 
a = 3.0 2 
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Figure 3: Interface that demonstrate 3-period controlled attractor and time distributions of chaotic coordinates X, Y, Z 
 
 
Figure 4: Interface that demonstrate 9-period controlled attractor and time distributions of chaotic coordinates X, Y, Z 
 
Figure 4 shows an example of control of chaotic 
Rucklidge system for system parameters a = 1.4, b = 6.7, 
dynamic variables x = 1.2, y = 0.8, z = 1.4, number of 
iterations N = 5000. 
The result of the modelling is a 9-period controlled 
attractor in 2D graphs, presenting the time distributions of 
chaotic coordinates X, Y, and Z. 
 
IV. CHAOTIC MASKING AND DECRYPTION OF THE 
INFORMATION CARRIER 
 
The coherent receivers usually are dynamical systems that 
resemble the chaos producing transmitters. They achieve 
synchronization with the transmitter, enabling the 
synchronization to extract the information signal from the 
received chaotic signal. In order to achieve synchronization, 
the parameters of the transmitter have to be known. They 
can be considered as the encryption key of the message;  
thus, coherent receptions allows for some privacy of the 
information transmission. 
Figure 5 demonstrates the presence of the chaotic signal 
between the transmitter and receiver. In this case, the use of 
chaos in secure communication systems has been proposed. 
The design of these systems depends on the self-
synchronization property of the Rucklidge attractor. As 
shown in Figure 5, the transmitter and the receiver systems 
are identical.  
Figure 6 presents the program interface, which 
demonstrates the masking of the carrier of information 
based on a Rucklidge system (1). 
The masking of the carrier of information based on chaos 
is provided by blending information with the chaotic signal. 
A sinusoidal signal (useful signal) was used as information 
(input) with amplitude of 1 V and system parameters a = 2,  
b = 6.7, dynamic variables x = 1.2, y = 0.8, z = 1.4. System 
parameters and dynamic variables are the keys for the 
masking information. 
Algorithm for the decryption has opposite effect. 
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Figure 5: Transmitter and receiver systems 
 
 




This study conducts experiments of the control of chaotic 
Rucklidge system. The range of the system parameter with 
which generated different period (controlled) attractors and 
number of trajectories of chaotic Rucklidge system is shown 
in Table 1. This range of the system parameter can be used 
as keys for masking and decryption of information carrier in 




This work was carried out at the Department of Radio 
Technics and Information Security of the Yuriy Fedkovych 




[1] M. Sanjaya W.S., D. S Maulana, M. Mamat, and Z. Salleh, 
“Nonlinear Dynamics of Chaotic Attractor of Chua Circuit and Its 
Application for Secure Communication,” J. Oto. Ktrl. Inst (J. Auto. 
Ctrl. Inst), 3 (1), pp. 1–16, 2011. 
[2] V. B. Rusyn, “Modelling and Research of Chaotic Rossler System 
with LabView and Multisim Software Environment,” Visn. NTUU 
KPI, Ser. Radioteh. radioaparatobuduv., no. 59, pp. 21-28, 2014. 
[3] A. Sambas, M. Sanjaya W.S. and Halimatussadiyah, “Unidirectional 
Chaotic Synchronization of Rossler Circuit and Its Application for 
Secure Communication,” WSEAS Transactions on Systems, 9(11), pp. 
506–515, 2012. 
[4] A. Sambas, M. Sanjaya W.S., M. Mamat and Halimatussadiyah, 
“Design and Analysis Bidirectional Chaotic Synchronization of 
Rossler Circuit and its Application for Secure Communication,” 
Applied Mathematical Sciences, 7(1), pp. 11–21, 2013. 
[5] Aceng Sambas, Mada Sanjaya W. S., M. Mamat, N. V. Karadimas 
and O. Tacha, “Numerical Simulations in Jerk Circuit and It’s 
Application in a Secure Communication System,” Recent Advances in 
Telecommunications and Circuit Design. WSEAS 17th International 
Conference on Communications Rhodes Island, Greece, July 16-19, 
2013, pp. 190-196. 
[6] Aceng Sambas, Mada Sanjaya W. S., M. Mamat and O. Tacha., 
“Design and Numerical Simulation of Unidirectional Chaotic 
Synchronization and Its Application in Secure Communication 
System,” Recent Advances in Nonlinear Circuits: Theory and 
Applications. Journal of Engineering Science and Technology 
Review. 6(4), pp. 66–73, 2013. 
[7] S. I. Samsudin, S.I.M. Salim, A. M. Yusop, N. Sulaiman, “A 
Comparative Study of Enhanced Nonlinear PI to Multivariable 
Nonlinear Plant,” Journal of Telecommunication, Electronic and 
Computer Engineering, vol. 10, no. 2-7, pp. 23-26, 2018. 
[8] N. A. Anang, L. Abdullah, Z. Jamaludin, T. H. Chiew, M. Maharof, 
S. N. Syed Salim and Z. Retas, “Analysis of Nonlinear PID Controller 
for Tracking Performance of Ball Screw Drive,” Journal of 
Telecommunication, Electronic and Computer Engineering, vol. 10, 
no. 2-2, pp. 67-71, 2018. 
Modeling, Analysis and Control of Chaotic Rucklidge System 
 ISSN: 2180 – 1843   e-ISSN: 2289-8131   Vol. 11 No. 1   January – March 2019 47 
[9] Said Jadid Abdulkadir, Hitham Alhussian, Ahmed Ibrahim Alzahrani, 
“Analysis of Recurrent Neural Networks for Henon Simulated Time-
Series Forecasting,” Journal of Telecommunication, Electronic and 
Computer Engineering, vol. 10, no. 1-8, pp. 155-159, 2018. 
[10] D. N. F Awang Iskandar, Abdulmalik Bacheer Rahhal and Wadood 
Abdul, “Block Based Image Steganography in Spatial and Frequency 
Domain,” Journal of Telecommunication, Electronic and Computer 
Engineering, vol. 9, no. 2-10, pp. 191-198, 2017. 
[11] Syahrulanuar Ngah and Rohani Abu Bakar, “Sigmoid Function 
Implementation Using the Unequal Segmentation of Differential 
Lookup Table and Second Order Nonlinear Function,” Journal of 
Telecommunication, Electronic and Computer Engineering, vol. 9, 
no. 2-8, pp. 103-108, 2017. 
[12] Mohd Naqiuddin Sahrani, Md Mahfudz Mat Zan, Ihsan Mohd Yassin, 
Azlee Zabidi, Megat Syahirul Amin Megat Ali, “Artificial Neural 
Network Non-linear Auto Regressive Moving Average (NARMA) 
Model for Internet Traffic Prediction,” Journal of 
Telecommunication, Electronic and Computer Engineering, vol. 9, 
no. 1-3, pp. 145-149, 2017. 
[13] M. N. Ahmad Nazri, Z. H. Ismail, R. Yusof, “Fault Detection and 
Diagnosis Using Cubature Kalman Filter for Nonlinear Process 
Systems,” Journal of Telecommunication, Electronic and Computer 
Engineering, vol. 8, no. 11, pp. 63-67, 2016. 
[14] M. A. Ayob, W. N. W. Zakaria, J. Jalani, N. Mohamed Nasir, M. R. 
Md Tomari, “Estimation of Nonlinear ARX Model for Soft Tissue by 
Wavenet and Sigmoid Estimators,” Journal of Telecommunication, 
Electronic and Computer Engineering, vol. 8, no. 7, pp. 123-128, 
2016. 
[15] Cheong Tau Han, Tay Kim Gaik and Rosmila Abdul Kahar, 
“Nonlinear Equation Graphical User Interface Solver Using Excel 
VBA Programming,” Journal of Telecommunication, Electronic and 
Computer Engineering, vol. 8, no. 2, pp. 59-63, 2016. 
[16] A. V. Sokolov, O. N. Zhdanov, “Regular Synthesis Method of a 
Complete Class of Ternary Bent-Sequences and Their Nonlinear 
Properties,” Journal of Telecommunication, Electronic and Computer 
Engineering, vol. 8, no. 9, pp. 39-43, September – December 2016. 
[17] Z. Zakaria, N. H Ali, M. S Mohamad Isa, A. Awang Md Isa, “Design 
of Frequency Limiting Circuit Based on Nonlinear Matched 
Reflection-Mode Bandstop Resonator,” Journal of 
Telecommunication, Electronic and Computer Engineering, vol. 4, 
no. 2, pp. 39-43, 2012. 
[18] V. Hajnova, L. Pribylova, “Two-parameter bifurcations in LPA 
model,” Journal of Mathematical Biology, 75(5), pp. 1235-1251, 
2017. 
[19] Paul P. Horley, Mykola Ya. Kushnir, Mishel Morales-Meza, 
Alexander Sukhov, Volodymyr Rusyn, “Period-doubling bifurcation 
cascade observed in a ferromagnetic nanoparticle under the action of a 
spin-polarized current,” Physica B: Condensed Matter, Volume 486, 
pp. 60-63, 2016. 
[20] M. Agop, D. G. Dimitriu, O. Niculescu, E. Poll, V. Radu, 
“Experimental and theoretical evidence for the chaotic dynamics of 
complex structures,” Physica Scripta, 87(4), 045501, 2013. 
[21] Volodymyr Rusyn, Oleksandr Savko, “Modeling of Chaotic Behavior 
in the Economic Model,” Chaotic Modeling and Simulation. An 
International Journal of Nonlinear Science, pp. 291–298, July 2016. 
[22] L. Pribylova, “Bifurcation routes to chaos in an extended Van der 
Pol’s equation applied to economic models,” Electronic Journal of 
Differential Equations, 53, pp. 1-21, 2009. 
[23] Ott E., Grebogi C. and Yorke J.A., “Controlling chaos,” Phys. Rev. 
Lett., Vol. 64, pp. 1196-1199, 1990. 
[24] V. Rusyn, M. Kushnir, O. Galameiko, “Hyperchaotic Control by 
Thresholding Method,” TCSET'2012, February 21-24, 2012, Lviv-
Slavske, Ukraine, p. 67. 
[25] Rusyn, V. B., Stancu, A., Stoleriu, L., “Modeling and Control of 
Chaotic Multi-Scroll Jerk System in LabView,” Visn. NTUU KPI, 
Ser. Radioteh. radioaparatobuduv., no. 63, pp. 94-99, 2015. 
[26] Rucklidge, A.M., “Chaos in models of double convection,” Journal of 
Fluid Mechanics, 237, pp. 209-229, 1992. 
[27] Pehlivan, I., Uyaroglu, Y., & Yogun, M., “Chaotic Oscillator Design 
and Realizations of the Rucklidge Attractor and Its Synchronization 
and Masking Simulations,” Scientific Research and Essays, Vol. 
5(16), pp. 2210-2219, 18 August, 2010. 
 
